OBJECTIVES The goal of this study was to describe short-and long-term outcomes in all patients referred for inappropriate sinus tachycardia ablation, along with the potential complications of the intervention.
The goal of the present study was to conduct a systematic review of the different approaches described to date, their short-and long-term results, and the potential complications that can occur during IST ablation/modification.
MATERIALS AND METHODS
A systematic review and best-evidence synthesis was conducted in compliance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (8) .
LITERATURE SEARCH. Electronic databases MEDLINE, Embase, CINAHL, Cochrane, and Scopus were systematically searched from January 1, 1995, to December 31, 2015. The following search terms were used: inappropriate sinus tachycardia ablation, inappropriate sinus tachycardia modification, and sinus node ablation. Each article's references were screened for additional relevant papers that may have been missed by the initial search.
ELIGIBILITY CRITERIA. Titles and abstracts were screened for eligibility via the following criteria.
Inclusion:
Languages: English, French, Swedish, Arabic, Norwegian, Danish, and Spanish.
Publication type: original manuscripts in peerreviewed journals.
Study design: systematic reviews, meta-analyses, randomized controlled trials, case-control, and cohort studies. Studies reporting a minimum of 2 IST ablation cases were included.
Study population: human participants of all ages who have undergone SN ablation/modification.
Case definition: IST must be defined in compliance with the definition provided in the Expert Consensus Statement on the Diagnosis and Treatment of Inappropriate Sinus Tachycardia (7). It states: "The syndrome of IST is defined as a sinus heart rate >100 beats/min at rest (with a mean 24-h heart rate >90 beats/min not due to primary causes) and is associated with distressing symptoms of palpitations." Accordingly, studies including patients with postural orthostatic tachycardia syndrome (POTS) were excluded (9) .
Study outcomes: acute success, complication rates, maneuvers to avoid PN injury, and long-term follow-up.
Exclusion:
Study design: nonsystematic reviews, cadaveric, biomechanical, and laboratory studies. Tables 1 to 5 ).
QUALITY ASSESSMENT. A thorough evaluation of bias took place, as described previously (11, 12) .
Appraisal included reporting bias, external validity bias, internal validity bias, internal validity confounding, and power. Each study was assigned a numerical indicator for the degree of each bias type, after which it was designated a title of low, medium, or high Rodríguez-Mañero et al.
Inappropriate Sinus Tachycardia Ablation Definitions of procedural success varied slightly between series; however, they all overlapped on the broad premise of reduction of heart rate (to <90 *Values are n, mean AE SD, n (%), n/N (%).
ECG ¼ electrocardiography; HR ¼ heart rate; NA ¼ nonapplicable.
Rodríguez-Mañero et al.
Inappropriate Sinus Tachycardia Ablation beats/min [4] or >25% reduction [4, 5, 16, 14, 18] from baseline) coupled with P-wave inversion. Each study's definition of success is detailed in Table 3 . In multiple studies, isoproterenol infusion was used to document persistence of these features (5) Bonhomme et al. (13) and Takemoto et al. (15) identified the site of earliest activation at peak heart rate with the maximum dose of isoproterenol. RF was delivered when the atrial signal on the ablation catheter was confirmed to be earlier than the surface P-wave. With each change in heart rate or in the P-wave morphology, the site of earliest activation was reassessed, and the new site was targeted. Consistently, all groups performed pacing from the ablation catheter at a maximum output of 10 mA with a pulse width of 2 ms to confirm the absence of PN stimulation before each RF lesion delivery.
PROCEDURAL OUTCOMES. A c u t e r e s u l t s . Acute success rates were consistently high in all studies (88.9%) ( Table 3) . Rodríguez-Mañero et al.
Inappropriate Sinus Tachycardia Ablation Table 3) .
L o n g -t e r m r e s u l t s . Consistently, all series reported recurrence of IST within their designated study period; the overall frequency of recurrence was 19.6%
( Table 4 C o m p li c a t i o n s . Thirteen patients (8.5%) experienced severe procedural complications ( Table 3) . Table 5 . Tables 1 and 3 .
Rodríguez-Mañero et al. However, the document further specifies that it may be offered in highly select circumstances.
To date, there is no evidence to support long-term symptomatic improvement consequent to ablation. In the present study, however, with a mean follow-up of 28.1 AE 12.6 months, we can confirm that benefits persist in the medium term. As such, the intervention may provide a useful tool when proper patient selection and safe procedural strategies are used.
Eventually, long-term follow-up of reported patients will be crucial in documenting long-term efficacy.
This approach in turn could augment the usefulness of ablation and ultimately alter recommendations. Quantitative data must thus be contextualized to the available technologies before any clinically relevant Abbreviations as in Tables 1 and 3 .
Inappropriate Sinus Tachycardia Ablation -2 0 1 6 : ---conclusions can be drawn regarding variations of success over time.
PROCEDURAL SUCCESS. SN ablation was initially coined the technique of choice, but recent studies have advocated SN modification, although the differences seem arbitrary. It is clear that SN modification is apt in achieving acute reductions in postprocedural heart rate. However, success rates are suboptimal in terms of symptomatic control (86.4%), with a significant recurrence rate of 19.6%. Strikingly, 3 of the studies included here involved patients for whom symptomatic relief could not be achieved despite effective decreases in heart rate (3, 14, 16) . This illustrates our poor understanding of this disease and its manifestations and suggests that IST may be an epiphenomenon of a more complex underlying disease process.
It is also noteworthy that only 4 of 9 studies specify lack of postural orthostatic tachycardia within their inclusion criteria (4, 14, 16, 17) . Accordingly, Shen et al. 
Rodríguez-Mañero et al. Multiple studies stressed the significance of redoing the procedure to achieve proper symptomatic con- (24) . Such data are unavailable for IST, however, and it remains to be seen whether exercise training could similarly benefit patients with IST. 
